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Abstract 

Using the next-to-leading order low energy effective Hamiltonian for \AB\ = 1, 
AC = AU = transitions, the contributions of electroweak penguin operators in 
B^{B^) PP and PV decays are estimated in the standard model. We find that, 
for some channels, the electroweak penguin effects can enhance or reduce the QCD 
penguin and/or tree level contributions by at least 30%, and can even play dominant 
role. 
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1 Introduction 

In a recent publication [1], the QCD penguin contributions to decay rates and direct CP 
violating rate asymmetries are systematically investigated using the low energy effective 
Harmiltonian [2] including next-to- leading order QCD correction for \AB\ = 1, AC = AU ~ 
transitions. Since this Hamiltonian has been generalized by Bura et al through the inclusion 
of electroweak penguin operators [3,4,5], now we are in a position to analyze not only the 
contributions of the QCD penguin operators beyond the leading logarithmic approximation, 
but also the contributions of the electroweak penguins. Naively, people believe that the 
electroweak penguin contributions are suppressed by a factor of aem/cxs ~ C(10~^) relative 
to QCD corrections [7,8], so the electroweak penguin corrections comparing with the QCD 
penguin may be negligible. However, this is not always true. 

As is well-known from the anatomy of the penguin-dominated quantity e'/e describing di- 
rect CP violation in the K-meson system, the electroweak penguin contributions can become 
important and can even compete with QCD penguin operator contributions in the presence 
of a heavy top-quark [5,6]. But how about in B^{B^) PP and PV decays? 

In this paper, by applying the BSW model [9] based on the factorization assumption, 
we calculate the branching ratios and rate asymmetries in B^{B'f) PP and PV decays, 
and find that, for some decay channels, the electroweak penguin contributions can be as 
large as 30% ~ 95% in decay width and the CP-asymmetries can be larger than 30% in CP 
asymmetries. 

The paper is organized as follows: In section 2, we give a brief description of the low en- 
ergy effective Hamiltonian including both leading and next-to-leading order QCD corrections 
and leading order corrections in the QED coupling constant and the explicit cancellation of 
the renormalization scheme dependence arising beyond the leading logarithmic approxima- 
tion. In section 3, we then apply the effective Hamiltonian discussed in section 2 and the 
BSW model in B~{B^) — > PP and PV decays to calculate the weak decay amplitudes. The 
numerical results for the branching ratios and CP-asymmetries are disscussed in section 4. 
At the end, we give a brief summary. 



2 The Effective Hamiltonian Beyond Leading Loga- 
rithms and the Cancellation of Renormalization Scheme 
Dependence 

As discussed in ref. [5], the next-to-leading order low energy effective Hamiltonian describing 
AB = — 1, AC = AU = transitions takes the following form at the renormalization scale 
11^ nib 



.q=u,c 
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Qlc^{^,) + QICM + E QkCM 

y. fc=3 



(1) 



where CkifJ^) (k=l.- ■ -,10) are the Wilson coefficients which are calculated in renormalization 
group improved pertubation theory and include leading and ncxt-to-leading order QCD 
corrections and leading order QED corrections. The CKM factors Vg are defined as 



Vn = 



v:,v,b 

V*sV,b 



for b ^ d transitions 
for b ^ s transitions. 



(2) 
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Using the Wolfenstein parametrization [10] in which the CKM matrix is parameterized by 
A, A, r) and p, we have 

{AX^{p — 17]) for 6 — > d transitions , . 

AX^{p — irj) for 6 — > s transitions. ^ ' 

{—A\^ for 6 ^ d transitions , . 

A\^{l+ir]\^) for 6 ^ s transitions. ^' 

In our numerical calculation, we use A = 0.22, A — 0.8, 77 = 0.34, p — —0.12 which are 
obtained from the fit to the experimental data [11]. The operators Q^, Q2, Qs, ■ ■ •, Qio are 
given as follows: 



(5) 



Where Ql and Ql (q=u,c) are current-current operators, for q=c case, the two operators 
Ql and Q2 are obtained through making substitution w — > c in and Q2 respectively; 
the operators Qs,- ■ -jQq represent the so-called QCD penguin operators, whereas Qr, ■ ■ • Qio 
denote the electroweak penguin operators which will be of special interest to us in the 
present paper, q' is running over the quark flavours being active at the p = 0{mi,) scale 
(g' G {u, d, c, s, b}) , Cq' are the corresponding quark charges and q=d or s for 6 — > d or s 
transitions respectively. The indices a, /3 are SU{3)c colour indices . 

Beyond the leading logarithmic approximation, the Wilson coefficients Ck{p) ( k = 1, 
■ ■ 10 ) obtained by solving the renormalization group equation depend both on the form 
of the operator basis (5) and on the renormalization scheme used. Consequently, the tree 
level penguin transition matrix elements or amplitudes calculated by i^e// are also scheme 
dependent. However, the physical quantities, of course, should be renormalization scheme 
independent if one handels the hadronic matrix elements correctly. In order to cancel these 
scheme dependence, we introduce the renormalization scheme independent Wilson coefficient 
function [2,5,12]: 

C{p) = (i + + ^^f^) . dp) (6) 

where 7s,e are obtained from one-loop matching conditions, and treat the matrix elements 
to one-loop level [12,13,21]. These one-loop matrix elements can be rewritten in terms of 
the tree-level matrix elements < Qj >o as 



(7) 



which define matrices rhs{p) and rhe{p). In eq.(6) and (7), C{p), C{p) and Q(/i) are all 
column matrix. Combining (1) with (6) and (7), we obtain the following renormalization 
scheme independent transition amplitude: 



< H^ffiAB ^ -1) > =^ 
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Y: V, {< Q\ >o Cl^\p)^ < Ql >o Cl^^il^) 

.<i=u,c 



fc=3 
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where Cl" are defined as 



CI" 
d" 
CI" 

CI" 



CM-PJ3, 
CM-Ps/3, 

CM + Pe, 
CM+Pe, 



CI" 
CI" 

r^ff _ 

'-'10 - 



--C2 

-- C,{fi) + 

C'6(/i)+P. 

CM 



(9) 



where Pg^e are given by 



a 



P. = — 



10 2 ; 



p. = 



Op 



97r 



^-GK,g2,//) (3C'i(/x) + C'2(/x)), 



(10) 



G(m,q^,li) =-4/ x(l-x)Zn( 
^0 



— x{l — x)q^ 
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)dx 



here q denotes the momentum of the virtual gluons and photons or Z° bosons appearing 
in the QCD and QED time-hkc matrix elements. For the details of this calculation, the 
reader is referred to refs. [12,21]. In the numerical calculation, we will use q"^ = ml/ 2 which 
represents the average value. 

If we take rrit = 174^6^, rub = b.OGeV, as{M^) = 0.118, aem{M^) = 1/128 , we have 
the numerical values of the renormalization scheme independent Wilson coefficients Cj at 
li — nif, scale as follows [14] : 



Ci = -0.3125, C2 = 1.1502, 

Ci = -0.0373, C5 = 0.0104, 

Cj = -1.050 X 10-^ Cs -- 

Cg = -0.0101, Cio 



C3 = 0.0174, 
Ce = -0.0459, 
3.839 X 10-^ 
= 1.959 X 10-3, 



(11) 



3 Decay Amplitudes in BSW Model 

To work out the decay amplitudes, we follow Bauer, Stech and Wirbel [9] . With the help of 
the factorization hypothesis [15], the three-hadron matrix elements < XY\Heff\B >, that 
is the decay amplitude, can be factorized into a sum of prodiicts of two current matrix ele- 
ments < X| Jf |0 > and < Y\J2ij,\B >. The former matrix elements are simply given by the 
corresponding decay constants fx and gx [16]: 

<0|J^|X(0-)> =tfxk^ . . 

<0|J^|X(l-)> =Mx9xe^. ^ ' 

for a pseudoscalar and a vector meson with the polarization vector respectively, where 
J^l = ~ Afj^ is the usual colour-singlet V-A current. The latter kind of matrix elements 
can be expressed in terms of Lorentz-scalar form factors [9,16]: 
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<X{0-)\J^\B> 



Ml-Ml' 



Ml-Ml 



<X{l-)\J^\B> 



2 



Mb + Mx 
+i {Mb + Mx) 
e*-k 



^k,Fi^{k') 

-k^Bk^xV^'ik') 



(13) 



A,{k') 



Mb + Mx 



/bf2 _ /M'2 

[{kB + kx),- \, "" k^jA^ik'] 



+ie* ■ k^k^A,ik') 



where k'^ = k-B — kx and Mb, Mx-, My are the masses of meson B, X and Y, respectively. The 

form factors Fo^i(A;^), 1/(A;^), ylo,i,2(fc^) are related to the form factors Fo,i(0), 1/(0), 74o,i,2(0) 
defined in ref. [9] by 



Fo(fc') 
A^{k^) 
A^{k^) 



Fo{0) 



1 - kym\0+) 

AojO) 
l-fcVm2(0-) 

^2(0) 

l-kym^{l+) 



Fi{k') 
A^{e) 
V{k') 



Fi(0) 



l-A;Vm2(l-) 

2, ^ ^(0) 

1 - kym^{l+) 

l-kym^{l-) 



(14) 



On the other hand, there are additional contributions from (V+A) penguin operators, for 
example Qs, Qq, Q'j and Qg in (5). Using the equation of motion, this kind of matrix 
elements can be rewritten in terms of those involving usual (V-A) currents [17]. After a 
straightforward calculation, we can obtain three different kinds of expressions relevant to 



M 



XY 



< X\Ji^\Q >< Y\J^\B >: 



case 1 Jx — and Jy — 



XY 



M 



case 2 Jx — and Jy — 1 ■ 



-i{Ml-M^y)fxF,^^{Ml) 



M^^= 2MYfxA^''{Ml){e*ykx) 



case 3 = 1 and Jy = : 



M 



XY 



2MxgxF^''{Ml){e*x-kB) 



Conveniently, we define 



a2j-i = Cl(li + 



a2i 



r^ff 



(i = l,---,5) 



(15) 



(16) 



(17) 



(18) 
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Using these formulas, we can give the decay amphtudes of B (i?^) — > PP and PV decays. 
As an example, we give the result of < 7r^7r^\Heff\B~ > in the following: 

<n-n'^\H,ff\B-> = ^[vu{a,M:-f + a^M^f) 

I // 3 3 oio 



q=u,c 

t2 



«6 - -7r))^^^uud 







(19) 



md(mb - md) 2 



where M^^j" and M^^^° are defined as follows: 



^1/ = < 7rO|My_^|0 X 7r-|(J6)y_A|S- > 

MS'f = < 7r-\{du)v-A\0 >< 7r''\{ub)v-A\B- > 
= -z{Ml - Ml,)UFt{Ml.)/V2 



(20) 



where and /^o are the decay constants of the tt and 7r° meson, respectively, Fq is the form 
factor(see Appendix). 

4 NUMERICAL RESULTS AND DISCUSSIONS 

In the B rest frame, the two body decay width is [18] 
where 

1^1^ [(Ml - (Mx + Myf){Ml - {Mx - Myf)Yl' ^22) 

1Mb 

is the magnitude of the momentum of the particle X or Y. The corresponding branching 
ratio is given by 

BR{B^XY)^ (23) 

^ tot 

In our numerical calculation, we take T^t = 4.273 x 10"^^GeV and T^^ = 4.387 x 10"^^ 
GeV[19]. 

The CP-asymmetry Acp for the charged B system is defined as 

A = r(g- ^ /) - V{B^ J) 
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While for the neutral B-meson system, 



^ r(go^/)-r(i?o-./) 

r(5o^/) + r(5o^/) ^ ' 

if f is CP-eigenstate, eq(25) can be simphfied as 

where x and ^ are defined in [22]. In our numerical calculation, we take = 0.71. The 
numerical results of electroweak penguin contributions to the branching ratios and CP asym- 
metries are collected in table 1-8, where "QCD -|- QED" means the branching ratios and 
CP asymmetries with full QCD and QED penguin contributions, "QCD" with only QCD 
penguin contributions, dT/F represents the enhancement percentage of the electroweak pen- 
guin contributions to the decay width, 6 A/ A represents the enhancement percentage of the 
electroweak penguin contributions to rate asymmetry. All the parameters needed in the 
calculations, such as the meson decay constants, form factors and pole masses etc, are listed 
in the appendix. 

From table 1-8, we can see the following features: 

1) For B~ (f)TT~ and 5° 00'', rj, rj', the electroweak penguin contributions to the 
branching ratios are dramatically large, they can enhance the branching ratio by 3 orders in 
magnitude. This is because the relation C^{mb) -\-C^{mb) ?a — l/3(C4(m6) -|- CQ{mb)) which 
could lead to a strong cancellation between the QCD penguin matrix elements in the decay 
amplitudes. 

For B- K^LJ, K~p^, K'^t] and B^^ K^r], K^p°, K^u, the electroweak pengum 
effects compete with or dominate over QCD penguin and/or tree level contributions in 
branching ratios. For example, the electroweak penguin effects can enhance the branching 
ratio by a factor of 3 in magnitude for B~ — > K~p°. This is becausse the particular structure 
of p° = -^{uu — dd) which could lead to a strong cancellation between the uu and dd 
contributions in QCD penguin matrix elements. 

For B- K-TV^, K~r] ,K-*r]', K-*n° and B°^ tt%^, 7rV°, K^*tt^, the electroweak 
penguin effects are non-negligible in branching ratiios, they can enhance or reduce the QCD 
and/or tree level contributions by a percentage larger than 30%. 

2) For B~ — > 07r", tt^J/j/j and B^ — > K^J/t/j, the electroweak penguin contributions are 
the only source of CP asymmetries. 

For B~ D~D^*, D^*D^ and B^^ K^rj, the electroweak penguin contributions to CP 
asymmetries are dominant, they can enhance the CP asymmetries by an order of magnitude. 

For B- K-rj, pV", K'u;, K'p^, K-*r] and S° ^ ^V°, ^°*7r°, the 

electroweak penguin contributions are non-negligible or competable with QCD and/or tree 
level contributions in CP asymmetries, the percentage is larger than 30%. 

For all decay modes, the CP asymmetries change not very much in magnitude except 
from -20.64% to -6.81 for 5" ^ R-p^ and from -35.07% to -4.85% for 5" ^ 7r-p°. 

At last, we should mention that some decay modes have been calculated by others using 
a similar approach, for example, B~ — > Tr"^ in ref.[13], B~ — > 7r~K^,K~(f) in ref. [20,21]. 
Our results agree with them. 

In summary, we can say that for some decay modes, the electroweak penguin contributions 
are not negligible, they can enhance or reduce the QCD and/or tree level contributions by 
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at least 30%, and can even play dominant role in decay width, but can not change the CP 
asymmetries in magnitude largely. 
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Appendix 

Parameters for the Numerical Calculations: 

In order to calculate branching ratios and CP-violating asymmetries, we use the following 
values for the mass-parameters, formfactors, decay constants, etc. 

• quark masses: 

rriu = 5MeV, ma = WMeV, rric = 1.35GeV, 



rus = 175MeV, = S.OGeF, m* = 174^6^. 

• meson masses and decay constants: 
Mo- = 5.279GeV 

tin 



meson (P) 


7r± 




ri 


v' 












Vc 


mass(MeV) 


140 


135 


547 


958 


494 


498 


1869 


1865 


1969 


2979 


decay(MeV) 
constant 


132 


93 


riuA ■ 92 
77, : -105 


V'u,d ■■ 49 
V's ■■ 120 


161 


161 


220 


220 


280 


350 



meson (V) 






UJ 











^0* 


Df 




mass(MeV) 


770 


770 


782 


1019 


892 


896 


2010 


2007 


2110 


3097 


decay-const. (Me V) 


221 


156 


156 


233 


221 


221 


240 


240 


280 


384 



•Pole masses (GeV): 



current 


m(O-) 


m(l ) 


m(0+) 


m(l+) 


dc 


1.87 


2.01 


2.47 


2.42 


sc 


1.97 


2.11 


2.60 


2.53 


ub 


5.27 


5.32 


5.78 


5.71 


sb 


5.38 


5.43 


5.89 


5.82 


ch 


6.30 


6.31 


6.80 


6.73 



•Form factors at zero momentum transfer: 
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Decay 


Fi — Fq 


V 




A2 


A^^Aq 


B ^ D 


0.690 










B ^ K 


0.379 










B ^ TT 


0.333 










B ^ T] 


0.307 










B ^ rj' 


0.254 










B ^ D* 




0.705 


0.651 


0.686 


0.623 


B K* 




0.369 


0.328 


0.331 


0.321 


B^p 




0.329 


0.283 


0.283 


0.281 


B ^oj 




0.328 


0.281 


0.281 


0.280 
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Table 1 Branching ratios and CP asymmetries with QCD + QED and 



with only QCD penguin contributions m B PP (through h ^ d transition) 



decay mode 


QCD+QED 


QCD 


corrections 


Br 




Br 




6r/r[%] 


SA/A[%] 


B- tt-tt" 


4.88x10-*^ 


0.7 


5.15x10-*^ 


0.6 


-5.2 


11.9 


B~ — > 7r~r/ 


5.82x10"^ 


32.3 


5.61x10-6 


33.9 


3.8 


-4.7 


B- Ti'i 


9.57x10-6 


15.1 


9.64x10-6 


15.0 


-0.7 


0.5 


B~ vr^r^c 


2.93x10-6 





3.89x10-6 





-24.6 




B- K-K^ 


7.20x10"^ 


2.9 


7.33x10-^ 


2.9 


-1.8 


1.0 


B- D-D^ 


4.17x10-^ 


-2.0 


4.18x10-* 


-1.9 


-0.2 


0.6 



Table 2 Branching ratios and CP asymmetries with QCD + QED and 
with only QCD penguin contributions in B^ PP (through b ^ s transition) 



decay mode 


QCD+QED 


QCD 


corrections 


Br 


Acp % 


Br 


Acp % 


5r/r[%] 


5A/A[%] 


B- K-n^ 


7.21x10-6 


-6.3 


4.98x10-6 


-8.8 


44.7 


-28.5 


B- K-T] 


2.57x10"^ 


29.6 


4.06x10-^ 


17.4 


-36.8 


69.9 


B- K-T]' 


1.30x10"^ 


-3.3 


1.37x10-5 


-3.1 


-5.8 


5.7 


B- ^ K-T], 


7.34x10-5 





9.43x10-5 





-22.2 




B- KH- 


8.25x10-6 


-0.2 


8.40x10-6 


-0.2 


-1.8 


0.9 


B~ D^D^ 


1.45x10-2 


0.09 


1.45x10-2 


0.09 


-0.2 


0.6 



Table 3 Branching ratios and CP asymmetries with QCD + QED and 
with only QCD penguin contributions in B~ — > PV (through b ^ d transition) 
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decay mode 


QCD+QED 


QCD 


corrections 


Br 




Br 


A (T/ 


sr/r[%] 


dA/A[%\ 


B- p-T) 


1.12x10"^ 


-5.5 


1.15x10"^ 


-5.4 


-2.6 


2.2 


n p f] 


1.14x10"^ 


-6.6 


1.12x10"^ 


-6.7 


1.4 


-1.6 


B p tt" 


1.24x10"^ 


3.2 


1.28x10"^ 


3.1 


-2.8 


3.9 


B- p-rjc 


9.36x10 ^ 





1.24x10 ^ 





-24.6 




B~ — > uj7r~ 


3.49x10"^ 


12.3 


3.56x10"^ 


11.9 


-1.9 


3.4 


B' p^TT" 


4.20x10"*^ 


-4.9 


4.69x10"*^ 


-35.1 


-10.4 


-86.2 


B~ 07r" 


6.17x10"^ 


0.2 


1.19x10-^^ 





5.2 X 10^ 






1.29x10"^ 


-0.3 


1.78x10-'' 





-27.7 




B~ D^*D^ 


3.58x10 ^ 


-0.7 


3.59x10 * 


-0.7 


-0.3 


0.7 


B D D" 


2.49x10-^ 


-2.3 


2.62x10-^ 


-0.1 


-4.7 


1.8 X 10^ 


B- K-*K^' 


1.73x10-'" 


5.8 


1.95x10-'" 


5.3 


-11.1 


8.5 


B- K-K^* 


4.38x10"^ 


3.4 


4.55x10"^ 


3.3 


-3.6 


2.2 



Table 4 Branching ratios and CP asymmetries with QCD + QED and 
with only QED penguin contributions in B" — > PV (through 6 — > s transition) 



decay mode 


QCD+QED 


QCD 


corrections 


Br 




Br 


Acp % 


6T/T[%] 


6A/A[%] 


B- K-u 


6.83x10-^ 


-13.1 


3.70x10-^ 


-20.9 


84.7 


-37.2 


B- K-p"^ 


1.56x10-6 


-6.8 


3.79x10-^ 


-20.6 


3.1 X 10^ 


-67.0 


B- K-(t) 


5.50x10-6 


-0.3 


7.42x10-6 


-0.2 


-25.8 


19.5 


B- -r K-J/r 


3.19x10-'' 





1.21x10— 





-21.8 




B- K-*r] 


1.06x10-6 


-11.2 


5.90x10-^ 


-18.3 


79.1 


-38.5 


B- K~*ri' 


6.68x10"^ 


-58.5 


4.20x10-^ 


-69.1 


59.1 


-15.3 


B- K-*Ti^ 


5.33x10-6 


-9.4 


3.67x10-6 


-13.0 


45.3 


-27.9 


B- K-*ric 


2.26x10-5 





2.91x10-5 





-22.2 




B- K^\- 


5.18x10-6 


-0.2 


5.38x10-6 


-0.2 


-3.6 


2.2 


B- K^p- 


1.73x10-^ 


-0.4 


1.97x10-^ 


-0.3 


-12.2 


9.0 


B- D;*D^ 


9.50x10-=^ 


0.03 


9.53x10-=^ 


0.03 


-0.3 


0.7 


B- D-D^* 


8.12x10-=^ 


0.006 


8.15x10-3 


0.006 


-0.3 


0.7 



Table 5 Branching ratios and CP asymmetries with QCD + QED and 
with only QCD penguin contributions in B^ — > PP (through b ^ d transition) 
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aecd/y inoae 


QCD+QED 


QCD 


corrections 


Rr 


A ■% 


Rr 


A ■% 


UL / L [/OJ 


X /i / /( r%i 


JD^ — > TT TT 






7 QSxIO"^ 


—49 7 


—0 3 


—0 4 


£5^ — > 71 71 


fi no V 1 n^s 
u.uy X iu 


1 8 Q 

— io.y 


1 .UU X lU 


1 fi Q 
— iu.y 


— oy . i 


1 1 7 


B^-^71 ri 




f) Q 


9 84x 1 

Z( . Ot: /\ X W 


n Q 


—0 3 


9 


^ ^ V 




f) 4 


c; 4fixl 0^^ 


n 4 


—3 3 


—9 


dO , _0„ 

^ ^ Vc 


1 .^O X lU 


1 

Zu. 1 


1 .oc/ X lU 


9*^ n 


OA (\ 
— z^.u 


1 Q 
io.y 


Bd VV 


1 9^Y^o~^ 


o.o 




3 S 

O.O 


u.u 


—1 1 

X . X 


Bd VV' 


c; 1 1 V 1 

0. 1 1 X lU 


9 1 


O.UOX iU 


9 1 


1 1 

1. 1 


u.uo 


Bd '/'/c 


7 70 V 1 n~" 


. X 


X . VJ _, /\ X V_/ 




—9 1 n 


X ^_) . t_7 






1 4 


c c;4x10~'' 


1 4 

X .rt 


— 1 

X .yj 


9 


^d ^VVc 


2.35x10"^ 


26.1 


3.11x10"^ 


23.0 


-24.6 


13.9 




7.01x10"^ 


0.02 


7.14x10-^ 


0.03 


-1.8 


-25.7 




4.05x10-^ 


30.2 


4.05x10-4 


30.2 


-0.2 


0.1 



Table 6 Branching ratios and CP asymmetries with QCD + QED and 
with only QCD penguin contributions in — > PP (through b ^ s transition) 



decay mode 


QCD+QED 


QCD 


corrections 


Br 




Br 




6V/T[%] 


6AIA[%] 


B^ K-7r+ 


9.89x10-6 


-7.4 


9.56x10-6 


-7.6 


3.4 


-2.7 




2.57x10-6 


0.8 


4.08x10-6 


0.5 


-37.0 


68.3 


BO K^T] 


6.38x10-8 


7.4 


2.89x10-^ 


1.5 


-77.9 


3.9 X 102 


5° ^ Wn' 


1.22x10-^ 


-0.5 


1.31x10-^ 


-0.4 


-7.0 


6.0 


B'd - K^Vc 


7.15x10-^ 





9.18x10-^ 





-22.2 




BO ^D+ + d: 


1.41x10-2 





1.41x10-2 





-0.2 





Table 7 Branching ratios and CP asymmetries with QCD + QED and 
with only QED penguin contributions in B^ — > PV (through b ^ d transition) 



12 



QcCdy inOQc 


QCD+QED 


QCD 


corrections 
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A ■% 


Rr 


A ■% 


01 / i [/OJ 


R Al AW^ 


RO ^ ^0 1 „0 


1 97x10"''' 




9 7'^yin-''' 

^ . 1 O A X W 


—94 1 


— ^3 fi 


Q 9 




1 HQ V 1 C\~^ 


iU.O 


1 9Avin~'^ 

1 .Z^ A lU 


1 n 7 

iU. ( 


19 4 


9 


RO , 

VP 


ft 41 xl 0^'' 


O . O 


tj . tJC/ A X U 


3 fi 


1 4 6 


—4 3 


ro , „/„o 
V P 




1 1 

X . X 


9 7nx 1 n^^ 


1 1 

X . X 


O. tJ 


— 1 1 

X . X 


rO , „, , 

-Drf ^ 


U. / ^ A ±U 




/ .UU A ±u 


1 Q 

— io.y 


19 


4 8 




Zj . iJ £J /\ ±.\J 


—3 7 


sQxi 


—3 7 


1 


—0 3 


-Drf ^ VcP 




OR 1 


O.UO A iU 


9"^ n 


94 R 


1 Q 
io.y 




1 V 1 n~" 

1 . V_/ A ± V_/ 


__,U . X 


^1 Qr; V 1 n^" 

•J .Uv) y\ X v_/ 




—9 1 n 






Q 01 xi 


n 


c; 8 xi n~^^ 

U .O A ±U 


n 


^9x10^ 

U ..^ A XL/ 




rO , 

-Drf ^ 0^7 


1 (S^vi 

1 .UU A 1 U 


n 
u 


O . X / A XU 


n 
u 


9 V 1 0^ 

fJ.Z A XU 




rO , 


c; 99x 1 n^^'' 

xj . AjAj a X W 





1 DDx 1 n~^^ 

X . WU A X W 


n 

u 


^9x10^ 

xj .Aj a X U 




RO , n+'n-- 

^d^ P ^ 


O.OO A lU 


9 9 


^ Q1 X 1 
tj . y X A X u 


9 HQ 




9 9. 
z.o 


^d^ P ^ 


9 9Sx 1 f)^^ 


4 8 

t:. O 


9 9Qx 1 f)^^ 


4 H 


—0 4 





rO , ^0 T/„/, 

^d^ ^ ■Jlw 


u.zy A lu 


ou.^ 


o.uy A ±u 


9R 9 

Zu.Z 


97 7 


iU.U 


rO , „ 7 /„;, 


O.ZiO A ±U 


3n 4 


4 47x1 D"''' 


9R 9 

ZU.Z 


—97 7 


ifi n 


RO , T/„/, 


8 79y 1 D"''' 

O . 1 ^ A X L/ 


3n 4 


19 nfixiri"''' 

X^.L/UA XW 


9fi 9 


—97 7 


Ifi 

xu.u 


rO , r ,'0 7- -0" 


X . l_K J A X 


■J . o 


X . O A X \ j 


■J . ^_) 


— 1 1 1 
X X . X 




^d^ ^ ^ 


4.27x10"^ 


3.4 


4.42x10"^ 


3.3 


-3.6 


2.2 


BO ^ D+*D- 


2.42x10"^ 


-2.3 


2.54x10"^ 


-0.1 


-4.7 


1.8 X lO-'^ 


D+D-* 


3.47x10"^ 


-0.7 


3.48x10"^ 


-0.7 


-0.3 


0.7 



Table 8 Branching ratios and CP asymmetries with QCD + QED and 
with only QED penguin contributions in — > PV (through b ^ s transition) 



decay mode 


QCD+QED 


QCD 


corrections 


Br 




Br 




sr/r[%] 


6A/A[%] 




6.91x10-^ 


-19.7 


6.16x10-^ 


-21.5 


12.1 


-8.3 


Bl K-*7r+ 


7.48x10^6 


-12.2 


7.03x10-6 


-12.8 


6.4 


-4.9 


5° ^ KO\o 


1.59x10-^ 


0.9 


2.61x10-6 


0.5 


-39.0 


74.3 


Bfi^ROpO 


1.93x10-^ 


5.1 


9.89x10-^ 


11.9 


95.4 


-57.3 




2.62x10"' 


-1.3 


9.51x10-'" 


-10.5 


1.7 X 10^ 


-58.7 




4.03x10-6 


0.3 


4.96x10-6 


0.2 


-18.8 


28.4 




3.29x10-6 


0.05 


2.84x10-6 


0.06 


15.7 


-18.4 


B'd - ^'^c 


2.20x10-^ 





2.83x10-5 





-22.2 




5° ^ KOct> 


5.36x10-6 


-0.3 


7.22x10-6 


-0.2 


-25.8 


19.5 


Bj ROj/ib 


3.10x10--^ 


0.01 


4.13x10-5 





-24.8 




SO ^ Z)+*i^; 


7.89x10-3 


0.006 


7.91x10-3 


0.006 


-0.3 


0.7 


SO ^ S>+S7* 


9.22x10-=^ 


0.03 


9.24x10-=^ 


0.03 


-0.3 


0.7 
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